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ABSTRACT: Three Holstein steers in the growing phase, each with a ruminal cannula, were used to test the hypothesis that the 
synchronization of the hourly rate of carbohydrate and nitrogen (N) released in the rumen would increase the amount of retained 
nitrogen for growth and thus improve the efficiency of microbial protein synthesis (EMPS). In Experiment 1, in situ degradability 
coefficients of carbohydrate and N in feeds including Korean rice wine residue (RWR) were determined. In Experiment 2, three total 
mixed ration (TMR) diets having different rates of carbohydrate and N release in the rumen were formulated using the in situ 
degradability of the feeds. All diets were made to contain similar contents of crude protein (CP) and neutral detergent fiber (NDF) but 
varied in their hourly pattern of nutrient release. The synchrony index of the three TMRs was 0.51 (LS), 0.77 (MS) and 0.95 (HS), 
respectively. The diets were fed at a restricted level (2% of the animal's body weight) in a 3x3 Latin-square design. Synchronizing the 
hourly supply of energy and N in the rumen did not significantly alter the digestibility of dry matter, organic matter, crude protein, NDF 
or acid detergent fiber (ADF) (p>0.05). The ruminal NH3-N content of the LS group at three hours after feeding was significantly higher 
(p<0.05) than that of the other groups; however, the mean values of ruminal NH3-N, pH and VFA concentration among the three groups 
were not significantly different (p>0.05). In addition, the purine derivative (PD) excretion in urine and microbial-N production (MN) 
among the three groups were not significantly different (p>0.05). In conclusion, synchronizing dietary energy and N supply to the rumen 
did not have a major effect on nutrient digestion or microbial protein synthesis (MPS) in Holstein steers. (Key Words: By-product, 
Dairy Steer, Microbial Protein Synthesis, Purine Derivative, Rice Wine Residue, Synchronization) 



INTRODUCTION 

Along with an increase in the human population and 
various natural disasters year by year, the supply of animal 
feed is gradually being reduced, followed by elevation of 
the cost of internationally traded feed. Therefore, alternative 
feedstuffs have been explored rather extensively throughout 
the world. One group of alternative feedstuffs is that 
composed of secondary products obtained during 
processing of a primary commodity. The use of food by- 
products as animal feed satisfies not only a nutritional 
requirement for animals, but also provides a suitable 
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disposal method for this by-product, thereby reducing 
environmental pollution and economic loss. Generally, 
many by-products are rich in crude protein (CP), water- 
soluble carbohydrate (WSC), and cellulose; thus, it was 
suggested that food by-products may have high potential as 
animal feed (Chiou et al., 1998; Xu et al., 2006). 

In Korea, traditional rice wine is very popular, with 
increasing consumption in recent years. Therefore, annual 
production of rice wine residue is increasing. It is notable 
that the production method and materials used in rice wine 
making are very similar to that of beer. Rice wine is also 
rich in yeast that is useful for human health; thus, there is a 
good chance that rice wine residue also contains some yeast. 

An excessive supply or an inefficient use of feed 
nutrients brings about large amounts of waste released to 
the environment, and the most serious pollutants from these 
wastes are nitrogen, phosphorus and other organic 



Copyright © 2012 by Asian-Australasian Journal of Animal Sciences 



Piao etal. (2012) Asian-Aust. J.Anim. Sci. 25:1568-1574 



1569 



compounds (e.g., methane and nitrous oxide) (Yang et al., 
2010). Also, preduodenal losses of N can account for up to 
30% of ingested N, although microbial protein is 
synthesized efficiently in the rumen of cattle fed diets 
consisting of high quality pasture plants (Beever et al., 
1986). This loss of N occurs in the form of urine when 
concentration of ruminal ammonia is high due to the 
extensive and rapid ruminal degradation of pastiu'e N 
(Beever et al., 1986; Van Vuuren et al., 1991). It is generally 
reported that microbial protein synthesis in the rumen is the 
most important occurrence in maximizing the amino acid 
supply to a ruminant, and it leads to reduction of loss of 
ruminal ammonia. Microbial protein is known to be of high 
quality with good amino acid composition for ruminants 
(Clark et al., 1992), and it may account for the majority (40 
to 80%) of amino acids absorbed in the small intestine 
under certain conditions, depending on several dietary and 
animal factors (Owens and Bergen, 1983). Generally, 
matching or synchronizing the hourly supply of energy and 
N in the rumen has been suggested to improve the 
efficiency of microbial protein synthesis (Hoover and 
Stokes, 1991). It is theoretically possible that a synchronous 
supply of N and energy to the rumen would improve the 
efficiency of microbes in utilizing ATP and capturing N for 
microbial growth (Johnson, 1976; Herrera-Saldana et al., 
1990; Sinclair et al., 1991; 1993; Richardson et al., 2003). 
However, other researchers have claimed no significant 
effect on microbial population. In addition, the energy 
source in the diet has been shown to be more influential 
than synchrony (Henning et al., 1993; Shabi et al., 1998). 
Since Sinclair (1991) suggested the hypothesis that when 
calculating the synchrony index for nitrogen to 
carbohydrate supply a figure of 32 g N/kg carbohydrate 
degraded in the rumen, a synchrony index of 1 represents 
perfect synchrony between N and energy supply throughout 
the day, while values <1 indicate the degree of asynchrony. 
The objective of this study was to evaluate the effect of a 
total mixed ration (TMR) with rice wine residue (RWR) as 
one of the main ingredients at different synchrony indexes 
(Sis) on nutrient digestibility, N retention and microbial 
protein synthesis in the rumen. 

MATERIAL AND METHODS 

Experiment 1: Determination of in situ degradability of 
ingredients for SI calculation 

Experimental materials and incubation procedures: 
Holstein steers (approximately 750 kg) with ruminal 
cannulas were used to determine the in situ ruminal 
degradation rate of test feeds. The steers were offered 6 kg 
timothy grass and 4 kg concentrate (Table 1) per day, and 
mineral blocks and water were available ad libitum. Five 



Table 1. Chemical characteristics of concentrate and timothy fed 
to steers 



Item 


Concentrate 


Timothy 


Dry matter 


87.62 


89.35 


Crude protein 


12.5 


6.16 


Crude fat 


3 


2.07 


Crude fiber 


20 


36.21 


Crude ash 


10 


4.76 


Ca 


0.8 


0.18 


P 


0.8 


0.2 



test feeds (rice wine residue, soybean meal, wheat bran, 
corn and timothy) were used for the in situ disappearance 
test, and the measurements were performed in triplicate. 
Samples of all test feeds except RWR were milled through a 
1mm screen using a laboratory mill. A total of 126 nylon 
bags (110x220 mm, 53 (a,m pore size) containing 20 g of 
test feeds were heat sealed and distributed into seven mesh 
bags (18 nylon bags per mesh bag) for each incubation time. 
Nylon bags were removed from the rumen after 0, 3, 6, 9, 
12, 24 and 48 h incubation. The bags were then washed 
under cold running tap water until there was no color 
visible in the rinse water. Finally, the nylon bags were dried 
at 65 °C for 48 h and weighed to determine the dry matter 
disappearance rate. The contents remaining in the nylon 
bags were stored at -20°C until chemical analysis. 

Chemical analysis and calculation of the degradability 
coefficients and synchrony index: Crude protein (CP, 
Nx6.25) and ether extract (EE) were determined by the 
AO AC (1990) method. Crude ash was determined by 
heating samples at 600°C for 3 h. Ruminal disappearance 
rate of test feed at each individual incubation time was 
calculated as the difference between the contents in the 
initial samples and the residues remaining after incubation 
in the rumen and expressed as a percentage of the content of 
the initial sample. Kinetic parameters of nutrient 
disappearance in the rumen were estimated using the 
following model (Orskov and McDonald, 1979): 

P = a+b(l-e") 

Where P was the cumulative amount degraded in the 
rumen at time t (%), a was the readily soluble fraction (%), 
b was the fraction potentially degraded in the rumen (%), c 
was the constant rate of degradation of b (%/h), and t was 
the time of incubation (h). The potentially degradable 
fraction was calculated as (a+b). The effective ruminal 
degradability (ERD) was calculated from the following 
equation: 

ERD = a+((bxc)/(c+k)) 
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Where constants a, b and c were defined previously, and 
k was the fractional flow rate from the rumen (%). In 
addition, from the hourly quantity of CHO and N degraded, 
a synchrony index of nitrogen to carbohydrate was then 
calculated as per Sinclair et al. (1991). 

Experiment 2: Effects of dietary SI on nutrient digestion, 
N retention and microbial protein 

Preparation of experimental diets: Three different 
TMRs having similar crude protein contents with different 
synchrony indexes (SI) were formulated with the same test 
feeds used in Experiment 1 together with urea, as shown in 
Table 4. The synchrony index of the three experimental 
diets was adjusted to 0.51 (LS), 0.77 (MS) and 0.95 (HS), 
respectively, with varying mixing ratios of test feed and 
urea. The degradation rate of carbohydrate and N fraction of 
each test feed was calculated by the method described at 
Experiment 1. The diets were formulated according to the 
NRC (2000) requirements for beef cattle. 

Experimental materials and procedures: Three Holstein 
steers (360+20 kg) fitted with a ruminal cannula were fed 
three different diets in order to evaluate the effects of 
synchronization of released N and CHO in the rumen on 
rumen fermentation, N metabolism and microbial protein 
synthesis (MPS). The experimental design was a 3x3 Latin 
square with seven days for adaptation and five days for 
sampling in each period. The steers were fed respective 
experimental diets at 2% of their body weight in two equal 
portions at 08:00 and 20:00 (Table 4). 

Sampling and chemical analysis: Urine samples were 
collected for four successive days using a stainless 
receptacle which contained 500 ml 4 N H2SO4 to prevent N 
loss. The urine was sub-sampled at an output rate of 3% and 
was frozen at -20°C until analysis. 

Total nitrogen concentration was analyzed using the 
Kjeldahl method (AOAC, 1990). In order to estimate the 
amount of microbial-N absorbed, urine was analyzed for 
purine derivatives (uric acid and allantoin) according to the 
modified method (George et al., 2006) of Chen et al. (1990). 
From the value of purine derivatives calculated, the amount 
of microbial-N absorbed was estimated indirectly using the 
method of Chen et al. (1992). 

Total feces were collected at 8:00 before the morning 
feeding during each sampling period, and a 3% aliquot of 
total feces was collected, dried in a 65 °C dry oven for 72 h 
and then ground with a mixer to pass through a 2 nun 
screen. Feces and feed samples were used for the analysis 
of DM, OM and N content according to AOAC (1990), and 
ADF and NDF were determined according to the method of 
Van Soest et al. (1991). Ruminal fluid was collected 
through the cannula on the last day of each period at 0, 3, 6, 
9 and 12 h after the morning feeding. Ruminal pH was 
measured by a pH meter (Mettler, Delta 340), ruminal fluid 



was centrifuged at 3,000 rpm for 15 min, and the 
supernatant was harvested to measure the NH3-N and VFAs 
concentrations. NH3-N concentration was determined using 
a modified colorimetric method (Chaney and Marbach, 
1962), and concentrations of volatile fatty acid were 
determined by gas chromatography using a Agilent Tech 
7890A (Hewlett Packard Strasse 876337 Waldbronn, 
Germany) for which a Supelco (30 mxO.25 mmxO.25 )im, 
fused siUca capillary column) column was used. 

Statistical analysis 

Obtained data were analyzed using the ANOVA 
procedure of Statistical Analysis System (SAS, 2002), and 
the differences among means were compared by Tukey's 
Test (Snedecor and Cocharn, 1967). 

RESULTS 

Chemical compositions of the five feed ingredients 
tested in Experiment 1 are presented in Table 2, and their 
degradability coefficients are shown in Table 3. Regarding 
protein degradabiUty of the five feed ingredients tested, 
com had the lowest "a" fraction and highest "fo" fraction 
with the lowest rate of degradation (c) of the potentially 
degradable protein fraction (b), resulting in low effective 
degradability (ED). Wheat bran had higher "a" and "fo" 
fractions with a rapid degradation of fraction compared 
to the other ingredients. The protein degradation of RWR 
was close to that of com. The carbohydrate fraction of com 
was highly degradable with the highest effective 
degradability. RWR was similar to corn in carbohydrate 
degradability characteristics. The apparent total tract 
digestibiUty values of dry matter, organic matter, ADF, NDF 
and N retention are presented in Table 5 (Experiment 2). 
Experimental diets formulated to have different Sis with 
similar composition did not influence DM, OM, ADF or 
NDF digestibility, or N retention (p>0.05). The mminal 
fermentation characteristics of steers fed the three kinds of 
TMRs are presented in Table 6. The diurnal variations in 



Table 2. Chemical composition of ingredients tested for ruminal 
degradability (% DM basis) 



Item 


Wheat 
bran 


Com 


SBM 


RWR 


Timothy 


DM 


90.35 


87.47 


88.25 


36 


90.88 


CP 


17.78 


8.00 


52.60 


28.67 


6.70 


EE 


4.80 


4.28 


2.32 


3.07 


2.41 


Ash 


5.14 


1.27 


6.72 


0.66 


7.30 


Crude fiber 


11.21 


1.79 


6.55 


2.61 


39.30 


ADF 


13.25 


2.54 


8.23 


9.58 


42.14 


NDF 


42.52 


11.63 


16.41 


17.78 


70.99 


Ca 


0.11 


0.02 


0.36 


0.04 


0.17 


P 


0.99 


0.27 


0.74 


0.14 


0.22 


NFE 


61.07 


84.66 


31.81 


64.99 


44.29 
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Table 3. Ruminal degradability of N and carbohydrates in the ingredients used for experimental diets 



In situ degradability coefficients Wheat bran SBM Com RWR Timothy 



N 
















a 


22.12 


0.14 


0.00 


11.72 


4.35 




b 


60.32 


99.86 


100.00 


88.28 


36.82 




c(/h) 


0.10 


0.03 


0.02 


0.02 


0.04 


ED 














k(/h) 


0.02 


72.50 


56.20 


44.75 


59.69 


28.38 




0.05 


62.51 


33.95 


24.47 


40.19 


20.15 




0.08 


55.83 


24.35 


16.84 


31.96 


16.12 


CHO 
















a 


8.79 


39.13 


0.22 


28.44 


15.68 




b 


52.26 


53.29 


99.78 


71.56 


31.80 




c(/h) 


0.11 


0.09 


0.03 


0.06 


0.05 


ED 














k(/h) 


0.02 


53.06 


82.72 


61.77 


81.34 


38.75 




0.05 


44.80 


73.37 


39.31 


66.47 


32.02 




0.08 


39.14 


67.33 


28.86 


58.12 


28.33 



ruminal pH values of steers fed the three diets decreased 
until 6 h after the morning feeding and then increased 
gradually until the 20:00 feeding. There was no significant 
effect of dietary SI on mean daily ruminal NH3-N 
concentrations except that the value of the control group 
(LS) at 3 h after the 08:00 feeding was significantly higher 
than those of the MS and HS treatments (p<0.05). The 
patterns of ruminal NH3-N concentration were similar 
among the three treatments, with peak concentrations of 
total VFA of the three treatments not significantly different. 
Even though the concentrations of individual VFAs of the 
LS group throughout daytime were numerically higher than 
those of MS and HS, there was no significant effect by 
synchronous treatment (p>0.05). The daily urinary output of 
purine derivatives (PD) and microbial-N synthesis of steers 
fed the three different synchronous diets are presented in 
Table 7. In terms of the daily contents of allantoin and uric 
acid in urine excreted by each steer, although higher SI 
TMR resulted in numerically more excretion than the 
control group, results were not significantly influenced by 
synchronous treatment (p>0.05). Microbial N calculated 



Table 5. Apparent total tract digestibility (%) and nitrogen balance in steers fed experimental diets 


Item 




Treatments 




SEM 


p value 


Control 


T-1 


T-2 


Digestibihty (%) 












Dry matter 


69.10 


69.67 


69.61 


0.44 


0.8738 


Organic matter 


71.28 


71.69 


71.58 


0.51 


0.9581 


ADF 


56.78 


56.04 


61.79 


1.14 


0.0508 


NDF 


60.71 


58.71 


63.85 


1.02 


0.0999 


Nitrogen balance (g/d) 












Intake N 


196.38" 


203.8" 


217.3" 


3.35 


0.0044 


Fecal N 


57.67' 


63.91" 


68.09" 


1.58 


0.0005 


Urinary N 


52.49 


52.08 


50.16 


1.97 


0.9035 


Retention N (%) 


43.83 


43.09 


45.58 


1.15 


0.7201 



Table 4. Ingredients and chemical composition of experimental 
diets (% of DM) 



Composition 


Control 


T-1 


T-2 




Sjfnchrony index 




0.51 


0.77 


0.95 


Ingredient 








Wheat bran 


5 


5 


5 


Com 


48.6 


41.3 


34 


SBM 


5 


5 


5 


RWR 


0 


8 


16 


Timothy 


40 


40 


40 


Urea 


1.4 


0.7 


0 


Nutrient 








CP 


16.15 


16.76 


17.87 


Fat 


4.26 


5.24 


6.38 


ADF 


16.47 


17.43 


20.44 


NDF 


31.78 


32.54 


36.52 


Ca 


1.63 


1.38 


1.14 


P 


0.42 


0.43 


0.43 



ruminal pH of steers on different synchronous diets were 
not significantly different among the three groups. The 
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Table 6. Rumen pH and concentrations of VFA (mmol/L) and NH3-N (mj 


j/100 ml) in steers fed different diets 




Item 




Treatments 




SEM 


p value 


Control 


T-1 


T-2 


pH 


6.15 


6.35 


6.32 


0.07 


0.5638 


Total VFA 


97.36 


83.62 


81.65 


4.86 


0.4078 


Acetic acid (A) 


68.31 


59.65 


58.45 


3.43 


0.5021 


Propionic acid (P) 


13.20 


10.57 


11.08 


0.64 


0.2253 


Butyric acid 


11.89 


9.90 


8.63 


0.78 


0.2509 


Valeric acid 


1.05 


1.06 


1.20 


0.06 


0.6209 


A:P 


5.64 


6.14 


5.73 


0.16 


0.4624 


Ammonia-N 


8.61 


7.10 


7.38 


0.49 


0.4736 



from PD excretion was also not significantly different 
among the three kinds of synchronous treatments (p>0.05). 

DISCUSSION 

The crude protein content in RWR was very similar to 
that of brewers dried grains (BDG) as reported by the 
National Research Council (2001) (28.67% vs 29.2%). 
RWR is composed primarily of the extracted residues of 
rice during rice wine production and is a high protein and 
energy source. According to Table 2, it was expected that 
RWR would be a high protein source as well as be a high 
energy source. In comparison to the a fraction of crude 
protein in BDG (16.7%) (Batajoo and Shaver, 1997), the 
value in RWR (11.72%) is lower; however, the b fraction of 
crude protein (88.28%) in the RWR was higher than that in 
BDG as reported by Batajoo and Shaver (1997) (64.3%) 
and that (67%) reported by Pereira et al. (1998). In addition, 
the degradation rate (kj) of N in BDG (0.072/h) was faster 
than that of RWR (0.02/h). Differences observed in these 
fractions between RWR and BDG could be due to the 
variation in type of raw material or processing method. It is 
well known that the type of protein in corn is resistant to 
microbial digestion, and the degradability of starch is slow 
because of the association of the protein matrix with starch 
granules and the type and proportion of protein bodies 
found in the corn endosperm (McAllister et al., 1993). As 
expected, the degradation rates of N (k^ = 0.02/h) and CHO 
(kd = 0.03/h) in com were lower than other feeds tested in 
this study. Protein fraction a in the wheat bran was similar 
to that of the reported value of Melaku et al. (2003) 



(22.12% vs 21.95%); however, fraction b in the present 
study was lower than the value of Melaku et al. (2003), and 
the degradation rate (kj) of N was also lower (0.1/h vs 
0.25/h). Differences observed in these fractions between the 
same kinds of materials could be due to the variation in 
maturity of feedstuff, measurement method or the factors 
specific to the in situ experiment process. A substantial 
number of factors that have been evaluated from a number 
of studies including nylon bag and sample sizes, bag 
material and pore size, sample processing, animal diet, 
feeding level and frequency, bag insertion and removal 
procedure, location of bags within the rumen and 
containment procedures for the bags, incubation times, 
microbial correction, rinsing procedures, mathematical 
models, days, numbers of repUcate animals and bags 
required to obtain repeatable estimates of ruminal 
degradation (Vanzant et al., 1998). 

In this study, experimental diets were formulated to 
have similar nutrient content but different SI. All animals 
were fed the same amounts at the same time in order to 
avoid the influence of ingredient characteristics (Dewhurst 
et al., 2000) or intake level (Witt et al., 1999) on the effects 
of synchronization. Although the SI was altered, the 
apparent total tract digestibility values of DM, OM, NDF, 
ADF and CP were not significantly influenced, nor were 
rumen fermentation characteristics or MPS. The DM and 
OM digestibility of TMRs with higher Sis (MS and HS) 
were numerically higher than those of the control group 
(LS) but not significantly different. Although similar results 
have been reported in other studies (Chanjula et al., 2004; 
Rotger et al., 2006), it is not clear why SI did not affect total 



Table 7. Purine derivative (PD) excretions in urine and microbial protein synthesis in steers fed experimental diets 

Treatments 

Item SEM p value 

Control T-1 T-2 ^ 



Urinary PD (g/d) 












Total 


30.37 


34.47 


33.25 


1.95 


0.7353 


AUantoin 


17.37 


19.57 


19.02 


1.09 


0.7483 


Uric acid 


13.00 


14.91 


14.23 


1.10 


0.8195 


Microbial N (g/d) 


131.26 


153.09 


146.57 


10.59 


0.7457 
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tract nutrient digestion. The impact of dietary SI in the 
lower digestive tract may have diluted the influence on 
rumen fermentation, although there was some indication 
that SI affected ruminal fermentation to some extent, as 
shown in differences in ammonia-N release. Kolver et al. 
(1998) reported that the apparent total tract digestibility 
values of DM, OM and CP were not improved by 
supplementation of carbohydrate-rich feed with pasture N 
in the rumen. 

The ruminal pH, VFA and ammonia-N of steers fed 
three different diets were not significantly different. Even 
though the ruminal ammonia-N concentration of the control 
group at 3 h after feeding (figure not shown) was the 
highest among the three groups, this may be the result of 
inclusion of urea in the control diet. Ruminal ammonia-N is 
known to be mostly transferred into the liver and converted 
into urea, with a portion of it being used for MPS. A high 
ammonia-N content indicates less efficient utilization of N 
for MPS. Thus, since the carbohydrate contents of the three 
diets were similar in this study, neither the lack of 
carbohydrate in the control diet nor inefficient degradation 
of other protein components were responsible for the higher 
ammonia concentration of the control group. We postulated 
that the HS group may have produced more volatile fatty 
acid because, according to the synchronization theory, the 
high SI diet fed to cattle can produce more MCP, and the 
increasing number of microbes can utilize the diet more 
efficiently to produce much more VFA. In the present study, 
the digestibility values of DM, OM and CP or microbial-N 
(MN) among the three groups were not significantly 
different, which indirectly indicates that the VFA 
concentrations of the three groups were not significantly 
different. A number of studies (Shabi et al., 1998; Witt et al., 
1999; Kaswari et al., 2007) showed similar results that 
ruminal pH, NH3-N and total VFA were not influenced by 
SI. In addition, in this study, the PD excretion and the MN 
calculated by the amount of PD excretion in the urine were 
not significantly different among the three groups; however, 
the MN content of each group was greater than those in 
other studies (Valkeners et al., 2004; Chumpawadee et al., 
2006). Henning et al. (1991) and Kim et al. (1999) also 
reported that both synchronization and asynchronization 
conditions showed no effect on MPS. 

Theoretically, synchronous nutrient availability should 
lead to more efficient use of nutrients, thus improving 
production of microbial products, nutrient supply to the 
animal, and potentially animal production performance 
(Hall and Huntington, 2008). However, studies have 
frequently failed to show improved MN and animal 
performance. Hall and Huntington (2008) suggested that 
other factors in addition to the rumen and the feed should be 
considered, and fiiture study needs to consider the larger 
picture and complexity of the interaction of the animal, its 



environment, the ruminal microbes, and the diet. Moreover, 
the ingredients, rates of nitrogen and carbohydrate 
degradation, particularities of the in situ procedure, and 
better understanding of the complex ruminal ecosystem and 
physiological effects are required. 
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